The European Union, in an effort to boost the use of Renewable Energy Sources (RES) in power generation, applies supportive tools consisting in financial motivation either as grants or as subsidies. According to welfare economics, a subsidy should reflect the external benefits; otherwise a distortion of competition takes place. The most widespread method to calculate externalities is the avoided cost approach, despite the fact that it encounters equally all the RES units leading to technological neutrality. In the present article, the avoided cost approach with the objective social justification of RES subsidies/feed in tariffs (FITs) in the case of Greece, for the year 2014, is applied. The results show a high gap between the current FITs and the suggested ones amounting to approximately 40%. This uncomfortable outcome indicates that, at least in the case of Greece, either the level of the current guaranteed tariffs is not socially justified, or the CO 2 value derived from the European carbon market does not reflect the real social cost, or that the avoided cost method, alone, is not adequate to explain the level of subsidies. In light of the foregoing, the need for the development of a concrete and integrated methodology for calculating all RES externalities emerges.
In particular:
• The development of renewables is fully consistent to the objective for environmental protection and carbon dioxide (CO 2 ) emissions reduction in the energy sector.
• Renewables are endogenous energy sources and, therefore, they can contribute to the reduction of imported fossil fuels dependency as well as to the energy supply security improvement.
• The deployment of RES may be conducive to job creation and regional development; leading to greater social and economic cohesion between the regions of the Community.
• The expected energy consumption increase in third countries, which may be covered by RES, provides business opportunities for leading industries in the field of RES located in the EU.
Given that the cost of renewable electricity is higher than the corresponding cost of conventional energy sources, the European Commission (EC) through The support mechanisms are defined as the legislative schemes being implemented in order to determine the compensation level as well as the compensation procedure of the produced renewable energy. The aforementioned policies may be combined with other measures including network connection priority, dispatch priority, investment grants, and tax incentives [3] .
The implementation of support mechanisms aims at developing a business environment within which renewable are able to compete on a level playing field with conventional fuel technologies. This necessity derives both from the insufficient internalization of external social costs into energy prices, as well as from the existence of substantial public subsidies which contributed to the development of conventional and nuclear power plants [4] [5] .
The support schemes are divided into three main categories which are either price-based or quantity-based in their approach [6] .
• Guaranteed Fixed Price
• Feed-in Tariffs (FIT)
• Feed-in Premiums (FIP)
• Tender Schemes (TS) and/or Competitive Bidding Processes (CBP)
• Tradable Green Certificates (TGC).
The FIT mechanism consists of a fixed and guaranteed compensation per unit of produced energy, providing at the same time long-term sale contracts (usually 20 -25 years) and therefore maximum investment security. The guaranteed, fixed tariffs may be differentiated depending on the technology used, the size of the power plant and/or the power plant location [7] [8] . Conversely, the FIP sys-
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DOI: 10.4236/jpee.2019. 74001 3 Journal of Power and Energy Engineering tem offers a premium above the electricity market spot price. Theoretically, the compensation received by RES producers within the FIP mechanism may be designed in order to serve two objectives: 1) to assess the environmental and/or social benefits of RES electricity production, 2) to value effectively the renewable electricity production cost associating it to the electricity market spot price [9] [10].
Tender Schemes and Bidding Processes are competitive and market-oriented mechanisms based on the production cost of renewable electricity. In TS systems the compensation price of the generated energy is the only criterion which should be evaluated, contrary to the CBP system where additional criteria may be included (e.g. installed capacity, amount of electricity generated, etc.). The support may be in the form of guaranteed fixed or differential prices, while the bidding process may be technologically neutral or relating to a particular RES technology [11] [12] .
Within the mechanism of tradable green certificates, the State sets as a requirement for consumers, suppliers or producers, a certain percentage of the electricity that they consume or sell, respectively, to be produced from RES. The RES producers sell their energy to a price equal to the electricity market spot price. They also sell a green certificate which proves the renewable nature of the tradable energy. The suppliers prove their compliance with the mandatory quota by purchasing these green certificates; otherwise, they are subject to penalties [13] [14] .
Especially for the guaranteed fixed price mechanisms (FIT, FIP), a pervasive problem during the designing of such a system is the determination of the level of the guaranteed tariff so as to ensure the balance between the investment security and the risk of over-compensation [15] [16] . Even though worldwide [17] a multitude of different methodologies for determining the compensation rates of RES technologies has been recorded, it is useful to differentiate them in two wider categories: 1) methodologies following the cost-based approach and 2) methodologies following the value-based approach [18] [19] [20] . In the first case the calculations are based on the concept of levelized cost of energy (LCOE), taking into account construction cost, operation and maintenance costs, fuel costs, inflation, interest rates, as well as costs related to the licensing procedure. Subsequently, using financial analysis and evaluation tools (annuity method, NPV, IRR) the compensation tariff is estimated so as to lead to reasonable profitability. The aforementioned methodology is being applied in France, Germany, Spain, and Greece [21] [22] . In the second case, the guaranteed price reflects the value of renewable energy from the perspective either of society (e.g. environmental benefits, energy security, employment) or the substituted technology (network losses decrease, avoided costs-external or not) [23] . This value may be estimated through the approach of avoided costs (i.e. investment costs, maintenance and operating costs, external benefits and costs of the substituted conventional technology) [24] . A similar approach is being applied in Portugal According to the REN21 network [26] , during the last two decades the use of support mechanisms as a RES promotion tool has been increased worldwide. In 2014 a total of 138 countries were already applying such mechanisms. In fact, 73 countries and 28 states/regions have adopted the guaranteed fixed price mechanisms (FIT/FIP), while 55 countries define the RES energy compensation rates through tender schemes and/or bidding procedures.
Taking the aforementioned into account and the fact that: • The international literature mainly deals with the benchmarking of different support mechanisms, as well as with the incorporation of externalities in the process of energy planning and considerably less with the study of renewable energy pricing methods [27] [28] .
• The main problem of price regulating mechanisms is the transparent and cost-effective adjustment of the guaranteed tariffs, so as to avoid phenomena such as competition's distortion as well as electricity consumers' burden [15] [29].
• In Greece, during the years 2009-2014, an intense debate was taking place on the methodology applied, regarding the calculation of the RES guaranteed tariffs.
This article aims to present the basic characteristics of the Greek electricity market in the period 2009-2014, focusing on RES sector, as well as to examine, by applying the avoided cost approach, whether the guaranteed tariffs for commercially mature RES technologies (i.e. wind, photovoltaics, small hydro) in 2014 were socially justified.
It should be noted that the choice of this time period as well as of these specific technologies is based on the following reasons:
• Between 2009 and 2014, there were installed in Greece 3347 MW of RES stations, of which 74% were photovoltaic stations and the remaining 26% were wind and small hydroelectric plants.
• From 01/01/2016, the RES support mechanism is market-oriented. In that sense there are no longer over-compensation phenomena of commercially mature RES technologies.
• The funding of the RES support mechanism has ceased to have deficits, since 2017.
Methodology

The Greek Electricity Market
Electricity generation in Greece is based, mainly, on the use of conventional energy sources; domestic lignite and imported gas in the mainland, and oil in the non-interconnected islands). Secondarily, electrical energy is produced by RES.
The penetration rate of photovoltaics and wind generators has been increasing during recent years, rendering them the leading renewable technologies in Greece. According to the monthly bulletins of the Independent Power Trans- In DAS, generation plants are sorted according to their energy offers (which cannot be lower than the minimum variable cost and cannot be higher than an administratively defined price cap of 150 €/MWh). Then, a next-day 24 h production schedule (unit commitment and dispatch) for its plant is determined by taking also into account the submitted load declarations. Both the energy which is scheduled (ex-ante) to be injected into the system by producers and the energy which will be absorbed by the suppliers are transacted at the System Marginal Price (SMP) [30] .
In DIM, the actual commitment and dispatch of generation units, the actual absorbed energy from the suppliers, as well as various failures, restrictions, etc. are taken into account. Both the differential energy injected and/or absorbed is transacted at System Imbalance Marginal Price (SIMP) [30] .
In CRM, generation plants (thermal power plants and large hydro) are remunerated for their availability and the energy suppliers are charged for the power absorbed by their clients at the annual peak load. This mechanism was established in 2005 for the recovery of fixed costs (mainly investment costs) of conventional plants [31] .
The Greek RES Support Scheme
Under Law 3468/2006, specific and differentiated FITs were set for the various RES technologies. For the case of photovoltaics, significantly high prices were set. Moreover, a provision for a total maximum installed capacity equal to 700 MW was also included in the Law 3468/2006. Tariffs for photovoltaic systems were further defined under Law 3734/2009. This Law included a tariff differentiation with respect to the installed capacity (below and above 100 kW) and location (between photovoltaic systems installed in the interconnected system and in the non-interconnected islands). An automatic tariff digression mechanism for photovoltaics till the end of year 2014 was also enacted. From the year 2015 and onwards photovoltaics' tariff levels are linked with the system marginal price (SMP).
Under Law 3851/2010, new tariffs for all RES technologies and for different sizes, in terms of installed capacity, were defined. The duration of PPA was increased to 25 years for concentrated solar power plants and rooftop photovoltaic systems up to 10 kW and remained at 20 years for all other RES installations. An increase in the guaranteed tariff of wind, small hydropower and geothermal by 20% and of biomass and biogas by 15% was introduced for projects not benefiting from investment subsidies.
Under Law 4252/2014, guaranteed tariffs for all RES technologies, excluding photovoltaic, have been reduced by varying degrees, in order to align them with actual project costs and to avoid overcompensation [32] (Table A1 in Appendix).
For the sake of completeness, it should be noted that since 2016 the RES support mechanism implemented in Greece has been changed. In particular, the Greek This new support scheme foresees a premium in addition to the price at which producers sell the produced electricity directly in the wholesale electricity market. This premium will be guaranteed for the whole period foreseen for operating aid support per RES power plant and will be in the form of a differential value (sliding Feed in Premium-FiP), taking into account the revenues from the participation in the electricity market.
RES Electricity Compensation Mechanism in Greece
Payments for the electricity produced from RES are conducted through a Special Account, which was established in 1999 with specific statutory funds and is managed by the Electricity Market Operator (LAGIE). Given that the guaranteed price for the injected renewable electricity is higher than the marginal production cost of conventional energy, as the previous is defined either by the SMP or the weighted average variable cost of thermal units, this difference is covered directly by the final consumers through a special levy collected through the electricity bills (Special Fee for the Reduction of Greenhouse Gases Emissions-ETMEAR).
The increase in the RES energy production (especially the increase in the photovoltaic's energy production which enjoyed exceptionally high guaranteed tariffs), in combination with the fact that the increase of ETMEAR did not follow the high penetration rate, led to the creation of deficit in the Special Account, which amounted at the end of year 2013 to around 550 mil. € ( Figure 2 ).
In order to eliminate this deficit, at the end of 2014, a set of structural measures was introduced, aiming at increasing the inflows, and at the same time to reduce the outflows of the Special Account.
It is noted that one of the measures taken was that the inflow to the Special Account from renewable energy sales at the wholesale market should be equal to the product: 
where:
E p : The energy produced WAVCTUA: The Weighted Average Variable Cost of Thermal Units Equation (1) applies only if the hourly algebraic sum of SMP and SIMP is less than the WAVCTU during the corresponding dispatch period. It should be noted that with the implementation of the structural measures and the change of the RES support scheme, which led-from 2016 onwards-to a reduction of the RES remuneration, the Special Account deficit was zeroed at the end of the year 2017.
Recalculating RES Guaranteed Tariffs through the Avoided Cost Approach
One of the methodologies for calculating RES guaranteed tariffs, which has been implemented with variations in Portugal and the USA is the approach of avoided costs. According to this approach, the guaranteed price reflects the costs of the substituted conventional technology as well as the benefits arising from the use of RES for the environment and the society. It is argued that the avoided cost should include fixed and variable costs (i.e. investment cost, operation and maintenance costs, fuel cost) of the substituted conventional technology [24] . On the contrary, another approach suggests that the avoided cost should comprise the marginal cost of a conventional power plant, meaning the variable operating and maintenance cost [33] . In any case, the methodology in order to be complete should also incorporate the positive externalities resulting from the substitution of fossil fuels by renewable sources. In 1978 in the United States, under the law PURPA, the public regulated electricity companies, which made use of fossil fuels, were forced to purchase the overall renewable energy produced at prices equal to their own long-term production cost [34] . In the case of Portugal, the algorithm used for calculating the monthly RES compensation tariff includes: 1) the avoided investment cost of a typical conventional power plant; 2) the avoided cost of conventionally produced electricity, namely fixed and variable operating and maintenance cost of a typical fossil fuel unit; 3) the avoided cost of network non-losses due to the decentralized production capability of RES units and; 4) the avoided environmental cost due to non-release of carbon dioxide emissions [25] .
Externalities of Electricity Production
According to the neoclassical economic theory, the market mechanism objective is the maximization of productivity, i.e. the achievement of greater quantity of the product obtained under the same or fewer production factors [35] . In a "perfect" market the product price is determined by the intersection of supply and demand curves. The demand curve reflects the marginal willingness to pay for the good while the supply curve reflects the marginal production cost.
Therefore the equilibrium point, at the price P* and at the quantity Q* is the one 
If the marginal cost curve includes all the elements/factors of a commodity's production cost then it is called marginal social cost curve and the price is at the point where the marginal social cost is equal to the demand (marginal willingness to pay) for this commodity (Figure 3) .
However, in practice, the markets do not function so effectively, especially for free and public goods (social goods). The absence of property rights for environmental and other public goods, combined with the matching of the value of a good to its price (for the majority of the environmental goods their purchase price is zero), result in the creation of external economies (externalities).
An external economy occurs if two conditions are in place [36] : 1) the actions of an economic activity (A) cause a change in the economic welfare of another economic activity (B); and 2) the economic activity B is neither being compensated by the economic activity A (if B economic welfare decreases) nor pays economic activity A (if B economic welfare grows), while B is unable to control or hamper activity A.
Externalities are distinguished in [37] : • Positive or negative, depending on the direction of prosperity change • Environmental or not, depending on the type of goods causing the increase or decrease in prosperity • Pecuniary or technological, depending on the possibility of their transfer in prices • Constant or variable, depending on the increase or decrease in prosperity which is related to the product volume changes As it became apparent, the electricity production, like any production activity, is characterized by two cost components: 1) the private cost, which is depicted with the market mechanism and is reflected in the final price of the product, and 2) the external cost, which constitutes the economic expression of this activity's impact to third parties and to society in general and which is not reflected in the final product price. The sum of the private and external cost equals to the social cost of the product [38] . Figure 3 . Product price determination under "perfect" market conditions, where P* and Q* are the prices and the quantity of the product at the Equilibrium Point (E.P.) [35] .
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Environmental externalities of electricity generation plants are related to environmental pressures (air emissions, effluents, waste, and visual pollution) generated during construction and operation of such units and which affect both human health and ecosystems. Respectively, the non-environmental externalities that are caused during electricity generation can be categorized into externalities associated with energy supply security, the depletion of non-renewable natural resources, industrial accidents, the creation of direct and indirect employment [39] .
The assessment of environmental externalities that emerged from the first research efforts, which had been conducted during the decade of 1990, proved that for conventional technologies the value of subsequent environmental impacts are particularly critical and their ignorance in the process of energy planning may cause considerable distortions in market operation [40] . Despite the considerable degree of uncertainty surrounding these figures (environmental externalities), it is estimated that they may constitute a realistic assessment base.
Typical examples are research programs such as NEEDS and CASES, which were funded by the EU within the ExternE project and which aimed, inter alia, at the deepening of the methodological approach for calculating the environmental externalities, as well as at the assessment of the impact of a potentially internalization of these externalities on the electricity price.
Approach Applied for Calculating Guaranteed Tariffs
The algorithm for calculating the guaranteed tariff of a renewable technology under avoided cost approach can be described with Equation (3). The first addend of Equation (3) (AvoidedCost Th.Unit ) may reflect either the variable operation and maintenance cost or the total cost of conventional units that are substituted by renewable energy technologies. In particular, in the case that the AvoidedCost Th.Unit includes the investment cost, the operation and maintenance cost, and the fuel cost of a typical thermal unit, it occurs on the basis of the assumption that the installation of a RES unit will result in the suspension of a new conventional generation plant construction. Substantially, this approach assumes that the electricity demand is increasing and that its coverage requires the installation of new capacity. In the case of Greece, however, there is an excess of installed power. Moreover, in the Greek energy market, through the CRM, thermal units are able to recover the major part of their fixed costs, especially their investment costs. So, for the Greek case, and in particular for the Interconnected System, the AvoidedCost Th.Unit should reflect the operation and maintenance variable cost of lignite and natural gas units.
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The second addend of Equation (3) represents the positive and/or negative environmental and other externalities. The environmental externalities are related primarily to the environmental pollution, the climate change and the adverse impacts on human health and ecosystems caused by conventional power plants, due to the release of air pollutants and greenhouse gases. On the other hand, the main non-environmental externalities are related to energy supply issues, mineral resources depletion and employment.
In this article, due to the lack of sufficient data for the assessment of non-environmental externalities, the methodology takes into account and computes only the environmental externalities arising from the replacement of conventional units by renewable technologies, as a result of non-release of SO 2 , NO x , PM, and CO 2 . Furthermore, the marginal benefits/costs are calculated. In particular, the calculated benefits/costs relate to the injection of marginal quantities of renewable energy into the electrical system, so as not to affect the operation of the latter. As far as the thermal units avoided cost is concerned, since the methodology is based on the assessment of marginal factors, the former is computed as the weighted average of the variable cost (operating and fuel cost) of the interconnected system thermal plants (lignite and natural gas units), which were operating during the year 2014.
In this context Equation (3) may be amended as:
where: The private cost (PC) of a power plant includes: the annual weighted investment cost (IC), the fixed and variable operation and maintenance cost (OMC), the fuel cost (FC) and the purchase cost for greenhouse gas emissions allowances (CC) [41] . The previous costs differ depending on the technology and may be expressed in €/MWh, according to Equation (5). The annual weighted investment cost of a thermal unit is calculated through Equation (6). ance, wages, etc.) and variable costs (VOMC i ) (e.g. fuel storage, repairs). The fuel cost is usually a distinct part of the variable costs and depends on the technology, the fuel type and the efficiency of the unit (Equation (7)).
. . .
where: The purchase cost of greenhouse gas emissions allowances depends on the generation plant technology, the fuel type as well as on the CO 2 allowances price that have been formed through the European Trading System (ETS) (Equation (8)).
. . . . Using Equations (5) to (9), as well as the values of (Table A3 in Appendix).
As far as the external cost assessment of CO 2 emissions is concerned, it should be mentioned that in 2011 the European Environmental Agency (EEA) adopted a price equal to 33.6 €/tn, based on a methodology developed by the United Kingdom government for assessing carbon cost and its integration into the policy procedure [43] . This price reflects the marginal CO 2 emissions' reduction cost and ranges around the average relevant cost assessed by the Intergovernmental Panel on Climate Change [44] , which refers to a range between 3 and 70 €/tn CO 2 (prices for 2014). In order to calculate the marginal environmental benefits arising from the substitution of thermal units with renewable technologies, Equation (11) and the values of 
Results
The application of Equations (5) to (10) The fuel cost of natural gas generation plants appears to be higher than that of lignite units indicating the importance of lignite for the Greek electricity system. Simultaneously, it is obvious that the natural gas units are environmental friendlier than the lignite ones, since their emissions are limited to CO 2 and NO x , a fact that is related to the unit age and to the fuel type. Finally, the high investment costs of gas generation plants, compared to this of the lignite ones, are mainly attributed to the fact that the prior are newer units, the majority of which and knowing the annual coefficient factor per examined renewable technology (Table A4 in Appendix), Table A6 (in Appendix) is composed. In Table A6 (in Appendix), both the external benefits from non-emitting pollutants-given the substitution of thermal units-and the total external benefit for different values of CO 2 , are presented. It should be noted that the total environmental external benefit is the same for all renewable technologies. This is attributed to the fact that the calculations concern only the operating phase of the units, and to the fact that it is considered that the renewable units substitute the same mixture of conventionally produced electricity, regardless of any technological limitations.
According to Equation (3), the guaranteed tariff for each renewable technology should be equal to the sum of the avoided cost of thermal units and the positive and/or negative externalities. For the Greek case-given its specificities (excess of installed capacity, regulated investment cost recovery mechanisms)-it is considered consistent that the avoided cost reflects the total weighted average variable cost of the Greek Interconnected System's thermal units, which is equal to 41.2 € /MWh for the year 2014.
By implementing Equation (4) the new guaranteed tariff, according to the approach of avoided external costs for different values of CO 2 emission cost, arises (Table 1) . The results shown in Table 1 are the main finding of the present paper. As depicted in Table 1 , for low and medium CO 2 prices (6, 11 and 34 €/tn) the guaranteed tariffs, after the implementation of avoided cost methodology, are lower than the current ones, since the former were legislated in April 2014.
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Discussion
In order to boost RES, so as to make them competitive over conventional units, support schemes are being adopted throughout Europe. The most common mechanisms are those wherein the level of RES producer remuneration is administratively determined through a fixed tariff. The majority of the EU States apply cost-based approaches in order to set this tariff level. This means that the key factors for the tariff level are the attractiveness and the financial viability of the investments, rather than the external benefits emanating from the various RES technologies. Nevertheless, according to welfare economics the subsidies offered to RES should reflect their differential external benefit in order not to create competition distortions and at the same time to be socially justified.
As demonstrated by the international literature, there is not a concrete and commonly accepted methodology for assessing the social benefits resulting from the RES penetration in the energy mix, due to the lack of generally accepted externalities valuation methods related to energy security and employment. Typically, this lack is covered by the avoided cost approach wherein the emphasis is given at the calculation of environmental externalities, especially those associated with climate change. These externalities are usually assessed using the results of the European research program ExterneE, as in the case of the Portuguese support mechanism where the external benefit of non-emitting CO 2 is valued and is incorporated in the guaranteed tariff.
In the case of Greece, the low penetration of RES technologies in the domestic energy mix has led, in 2006, to the selection of the financial attractiveness and viability of a renewable unit as criteria for tariff determination, a notion that was maintained and intensified under the Law 3851/2010. Namely, under this Law additional regulatory incentives were offered. For instance, the option for a number of renewable technologies to maintain the guaranteed price "locked" for Journal of Power and Energy Engineering power purchase agreement led to over-compensation due to the fact that the guaranteed prices reflected higher manufacturing costs compared to the current ones.
Despite the fact that, since 2006, the economic viability of the RES units has been selected as a criterion for setting the guaranteed tariffs, the compensation mechanism for RES producers adopted in 1999, was maintained. Hence, this raises the paradox of the guaranteed prices to be calculated using financial evaluation methods, while the producers' remuneration to be linked to the SMP, which reflects the avoided marginal cost of thermal units. At the same time,
given that RES penetration reduces the SMP, it is concluded that the RES support and compensation mechanism is distorted. 
Conclusions
As already mentioned, in this article is applied the avoided cost approach in commercially mature renewable technologies (wind, solar, small hydro) with the objective of social justification of RES subsidies in the case of Greece. An important weakness of this approach is that the environmental benefit that arises due to the substitution of thermal plants is the same regardless of the applied renewable technology. Regarding the level of the guaranteed price resulting from the implementation of the avoided cost approach it is demonstrated that the current tariffs for wind, small hydro and household photovoltaics (P < 10 kW) are higher by approximately 40% compared to the new ones, which are calculated using the market price of CO 2 (i.e. 6 €/ton). Especially for photovoltaics with installed capacity 
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